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ABSTRACT 
The incidence of Sarcocystis, a protozoan parasite, in 
white-tailed deer (Odocoileus vir~inianus) and mule deer 
(Q_. hemionus) in South Dakota was determined .through histo-
logical preparation and microscopic examination of tongue 
samples obtained throughout the state. The percentage of 
Sarcocystis infection for b6th species of deer was deter-
mined for prairies east gf the Missouri River, west of·the 
Missouri River, and the Black · Hills of western South Dakota. 
Sixt~en percent (N=62) of the white-tailed deer tongues 
from East River, 69 percent (N=42) from West River, and 74 
percent (N=23) from the Black Hills were positive. Mule 
deer were 88 percent (N=25), 78 percent (N=63), and 75 
percent (N=l2) positive from East River (counties bordering 
the Missouri River), West River, and the Black Hills respec-
tively. Of SO tongue samples obtained from both species 
of deer during a special antlerless season in the Black 
Hills (1978), 66 percent were infected. 
Experimental coyotes (Canis latrans) and dogs were 
fed naturally infected Sarcocystis tissue from white-
tailed and mule deer obtained from the Black Hills. Fecal 
samples were recovered and examined for sporocysts. Two· 
red foxes (Vulpes vulpes), one gray fox (Urocyon c i nereoar-
genteus) ·' one bobcat (Felis rufus), and one raccoon 
(Procyon lotor) were also fed infected meat to determine 
X 
xi 
their role if any as definitive (final) hosts of Sarcocystis. 
All coyotes, dogs, and the gray fox shed sporocysts, while 
none were recovered from the other animals. Sporocysts 
from coyotes fed white-tailed and mule deer meat were counted 
and concentrated into an inoculum for oral administration to 
two experimental white-tailed deer fawns . in separate experi-
ments. One fawn given sporocysts from coyote feces fed 
mule deer tissue died two days later (not Sarcocystis related). 
The other fawn was euthanized 85 days after inoculation. 
Sections of heart, tongue, esophagus, diaphragm, and skeletal 
muscle were found to be heavily infected with sarcocysts, 
while a control fawn's tissues were negative. 
.. 
INTRODUCTION 
Sarcocystis is a protozoan parasite of the Class 
Sporozoa and Order Coccidia. · It is commonly found in 
muscle tissue of domestic animals and wildlife including 
.birds and mammals (Levine, 1973). Sarcocystis has a two-
host life cycle in which herbivores and carnivores serve as 
intermediate and definitive - hosts respectively. The inter-
mediate host acquires infection by ingesting sporocysts 
that are shed in the feces of · definitive hosts. Schizogony 
(ase~ual phase of multiplication) occurs in the herbivore, 
which results in the development of intramuscular cysts. 
The definitive host becomes infected by ingesting muscle 
tissue of an intermediate host containing sarcocysts. 
Sporogony (sexual phase of multiplication) takes piace in 
the carnivore, producing the sporocysts that are infective 
for herbivores. 
Both white-ta i led deer and mule deer have been shown 
to be intermediate hosts of Sarcocystis. Large numbers 
of sarcocysts were found by Hudkins et al. (1976) in the 
muscle of mule deer fawns from Oregon in 1974-75. Kistner 
(pers. comm., 1977) stated that Sarcocystis can possibly 
debilitate fawns and could predispose them to predation. 
Hudkins and Kistner (1977) reported that mule deer fawns 
inoculated with sporocysts from coyotes acquired an acute 
fatal infection. 
1 
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Deer populations in South Dakota have been declining 
for several years (Rice, pers. comm., 1976). In order to 
ascertain the factors involved in the decline, a preliminary 
survey for Sarcocystis in deer from the Black Hills region 
of South Dakota in 1976 showed that 93.5 perc~nt (N=77) of 
the deer were infected (Hugghins, pers. comm., 1977). 
This present study was undertaken to determine the 
importance of Sarcocys~is in South Dakota. The objectives 
of the study were to de termine: 
1. The incidence of Sarcocystis in deer throughout 
the state. 
2. The distribution of sarcocysts in deer tissues. 
3. The role of c oyotes and other definitive hosts in 
the life cycle of Sarcocystis . 
2 
LITERATURE REVIEW 
History 
According to Levine (1977), sarcocysts were first seen 
in mice by Miescher in 1843, and the genus Sarcocystis 
later named in 1882. By the early 20th .century, Sarcocystis 
was commonly observed in the muscle tissue of herbivores 
(Dubey, 1976). Since the original designation of Sarco-
cystis, over 70 species have been named (Levine, 1977). 
However the life cycle and taxonomic position of the 
parasite remained a mystery until Fayer (1970, 1972), 
inoculated avian and mammalian cell cultures with brady-
zoites from sarcocysts in grackle muscle, that resulted in 
the development of gametes and/or oocyst stages similar to 
the Coccidia. 
Oocysts resembling Isospora were found in the feces 
of cats, dogs, and man after the feeding of Sarcocystis-
infected tissue from cattle and/or swine (Heydorn and 
Rommel, 1972; Rommel and Heydorn, 1972). The development 
of asexual stages was noted in cattle that were fed 
sporocysts of S. fusiformis from dogs (Fayer and Johnson, 
1973, 1974). 
Dogs, cats, and/or coyotes were observed to shed 
sporocysts after ingesting Sarcocystis-infected muscle 
from a variety of hosts (Fayer and Leek, 1973; Fayer, 1974; 
Dubey and Streite1, 1976; Hudkins et a1., 1976; Payer, 
3 
.. 
1977; and Hudkins and Kistner, 1977). Foxes and raccoons 
also shed sporocysts after ingestion of Sarcocystis-
infected bovine tissue (Payer et al., 1976). Sarcocy~tis 
was found in the feces of free-ranging coyotes from 
Northern Utah, Eastern Colorado, and Montana · by Payer and 
Johnson (1975), Arther and Post (1977), .and Dubey et al. 
(1978), respectively. 
Life Cycle 
The life cycle of Sarcocystis in deer with the coyote 
as the definitive host is illustrated in Figure 1. The 
intermediate host acquires the infection through its 
grazing activities by ingesting sporocysts (Plate 1) shed 
in the feces of definitive hosts. Each sporocyst ·contains 
four sporozoites that are released in the intermediate 
host's intestine and travel throughout the viscera (Dubey, 
1976) . . The sporozoites then infiltrate numerous body 
tissues and undergo schizogony. Schizogony was observed 
to occur within the endothelial cells of blood vessels as 
reported by Johnson et al. (1975). It takes approximately 
three weeks for schizonts to appear. Immature schizonts of 
S. fusiformis were found by Johnson et al. (1975), and Payer 
and Johnson (1973, 1974), in tissues of calves 26 days 
after inoculation with sporocysts. Schizogonous stages 
were identified in muscle tissue of mule deer fawns that 
died between post-inoculation day (PID) 27 and 39 from 
4 
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Fig. 1. The lif~ cycle of Sarcocystis in deer and coyot es. 
Sarcocystis infection (Hudkins and Kistner, 1977). Schi-
zonts were observed to cause hemorrhage and edema resulting 
in an inflammatory response in cattle (Johnson et al., 
1975). 
After a period of time, the schizonts develop to 
maturity and contain merozoites. Mature schizonts were 
found in calves 26 to 33 days after inoculation with ~­
fusiformis sporocysts (Faye~ and Johnson, 1974). Levine 
(1977) reported that merozoites of Sarcocystis have the 
same basic structure as those · of other Coccidia. These 
mero~oites then pass to the muscles and develop into the 
sarcocysts (Plate 2). Pacheco and Payer (1977) suggested 
that these merozoites pass through the capillaries into 
muscle tissue, and develop to maturity approximately ten 
weeks after infection. Young cyst stages of Sarcocystis 
were noted in muscle tissue of infected calves on (PID) 
33, and no schizogonous stages were reported in tissues 
after (PID) 40 and 46 respectively (Payer and Johnson, 
1974; Johnson et al. 1975). 
The size of the cyst varies depending on the species 
of parasite and the host that it occupies (Dubey, 1976). 
Sarcocysts form metrocytes within themselves which then 
divide by endodyogeny to form daughter cells; after many 
divisions they give rise to sausage or banana-shap d 
bradyzoites (Dubey, 1976; Levine, 1977). It is the cysts 
that contain the mature bradyzoites that are infectiou to 
6 
definitive hosts. Clinical ~igns of experimentally induced 
Sarcocystis infection in deer is typified by anorexia, 
weight loss, pyrexia, and weakness (Hudkins and Kistner, 
1977). 
The definitive host becomes infected by ·ingesting 
muscle tissue containing sarcocysts. The cyst wall is 
broken down and the bradyzoites penetrate the intestinal 
wall (Dubey, 1976; Levine, 1977). It is here that gametes 
are formed and fertilization takes place. Payer (1974) 
found parasites in the lamina .propria of the small in-
testine in experimental dogs from 2-15 days after feeding 
them raw bovine heart containing S. fusiformis. Macro-
gamonts were observed in this time period, an oocyst wall 
was seen on day 7, and sporogony on day 8. No lesions 
were noted by Payer (1974) in the intestines of his experi-
mental dogs, as Sarcocystis apparently is not harmful to 
definitive hosts. 
The oocysts produced are at first unsporulated, but 
later sporulate and each oocyst divides to form two spor-
ocysts (Dubey, 1976). Four sporozoites then develop within 
each sporocyst. Sporocysts are not always shed consistently 
throughout infection but can be shed intermittently. 
7 
Coyotes first passed sporocysts 12 days after eating infected 
deer tissue and continued to shed sporocysts up to day 36 
(Hudkins and Kistner, 1977). Sporocysts were observed to 
be shed intermittently in dogs and the patent period 
(length of infection) known to continue up to 60 days 
(Payer, 1977). The shedding of sporocysts thus completes 
the life cycle of the parasite. 
8 
MATER IALS AND METHODS 
Study Area 
The state of South Dakota was divided into three 
different reg i ons with c ontrasting vegetation· and land 
features; prair ie e a s t o f the Missouri River, prairie west 
of the Missouri River , a nd the Black Hills (Fig. 2). 
Prairie east o f the Miss ouri River consists mainly of 
cultivated farmfand with c orn as the major crop. This 
area favors and supports a large white-tailed deer popu-
lation. Mos t white-tailed deer are found in dry marshes, 
shelterbelts, woodlots, and along tracts of vegetation 
around lakes , rivers, and streams (Richardson and Peterson, 
1974). The West River Pra irie is largely rangeland consis-
ting of op en land with brushy habitat, badlands, bluffs, 
and drainages with woody c over (Richardson and Peterson, 
1974). Mule deer are much more abundant in this area than 
the East-River Prairie. However both species of deer are 
found in both of the prairie regions and the Black Hi lls. 
The Black Hi l ls are compos ed of a granite core and lime-
stone outcropp ings that contain the highest elevation east 
of the Rocky Mountains . The major species of vegetation 
is ponderosa pine and is found throughout the Hills. 
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Map of South Dakota showing the three different study regions. 
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Incidence 
Tongues and incisors from hunter and road-killed mule 
and white-tailed deer were collected by conservation 
officers throughout the state. during 1977-78. The deer 
were aged according to the number of annuli rings present 
in the cementum of the incisors, by Leslie Rice, Big Game 
Biologist for South Dakota's, Department of Game, Fish and 
Parks. The tongue samples were frozen and later examined 
for cysts by two different histological techniques: 
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1. A small section from each tongue was taken and cut 
in a cryostat at 5~. The tissue sections were then mounted 
on slides, fixed in acetone, and frozen until later staining. 
2. Sections of tongue were cut and fixed in formalin-
acetic acid-alcohol (FAA). The tissues were dehydrated, 
cleared, and infiltrated in an Autotechnicon, and then 
embedded with paraffin, sectioned with a microtome at 12~, 
and mounted on slides for staining. 
All slides were stained with hematoxylin and eosin. 
The percentage of Sarcocystis infection was det ermined 
for both spec ies of deer from prairies east of the Missouri 
River, west of the Missouri River, and the Black Hills. A 
chi-square test was used to determine any significant 
differences in the frequency of infection from the three 
regions along with differences in age and sex. A correl-
ation test (Pearson's correlation coefficient) was also 
employed to determine any positive relationships between 
coyote abundance and positively infected deer. Indities 
of Predator Abundance in the Western United States from 
1976-78, a U.S. Fish and Wildlife Publication, were used as 
an index of coyote population trends, based on· coyote 
visits to scent stations. Only scent stations in the Black 
Hills were used because scent stations in the prairie 
regions did not have enough coyote visits in relation to 
tongue samples obtained or vise-versa for any comparison. 
Life Cycle 
A one-year old coyote, six coyote pups, and two red 
fox pups were obtained from dens in South Dakota with the 
help of the Department of Game, Fish and Parks personnel 
and cooperat ing farmers and ranchers. Nine dogs (6 pups, 
3 adults), property of the Entomology-Zoology Department, 
South Dakota State University , and one bobcat, gray fox, 
and raccoon received from area zoos were also used. 
All of the above animals were housed in individual 
pens with concrete floors at the Entomology-Zoology and 
Wildlife Research Units. Five white-tailed deer fawns, 
two of which were raised in captivity at South Dakota Stat 
University, and the others obtained from area zoos ere 
housed in one fenced enclosure on campus at the Veterinary 
Diagnostic Laboratory. 
12 
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All coyotes, foxes, dogs, and the raccoon were fed dry-
pelleted do g food. The bobcat was fed a special zoo food 
mixture. Fecal samples were collected and examined for 
parasites before experimental work was begun. If samples 
were not examined on the day of collection, they were stored 
in a refrige rator at 4°C for later examination. The experi-
mental final hosts were presumed Sarcocystis-free before 
the feeding of infected deer tissue by the absence of 
sporocysts in their feces~ 
All samples were analys ed based on a sugar flotation 
technique described by Levine (1973). Ten grams of feces 
were placed in 100 ml of wate r and mixed thoroughly. Eight 
ml of the fec es-water mixture was strained through cheese-
cloth into a 15 ml centrifuge tube, to which 7 ml of 
Sheather's sugar solution (Levine, 1973) was then added. 
After thorough mixing, the tube was filled just above the 
lip with sugar solution and covered with a square cover-
slip. The tube was centrifuged for 5 min. and the cover-
slip removed, placed on a microscope slide, and 1/5 o f its 
area examined. The number of sporocysts/gram of feces 
was determined by the followi ng formula: 
no. of sporocysts x 5 = no. 
8 ml feces-wate r sol. 
no. of sporocys ts 
grams of feces · 
of sporocysts x 100 ml sol. = 
1 ml 10 grams feces 
355116 
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Sporocyst s were enlarged visually with a Visop an and 
measured. 
Skele tal muscle of road~ killed white~tailed and mule 
deer from the Black Hills was .Placed in containers packed 
with wet ice and shipped to the Entomology-Zoology Depart-
ment where it was stored at 4°C. The muscle tissue was 
examined for sarcocysts by the following method: 
Skeletal muscle was trimmed of fat and connective 
tissue and ground in a household-type meat grinder. Ten 
grams of ground muscle was placed in a 125 ml flask and 
combined with 100 ml of pepsin-HCl digestion fluid. The 
digestion flui d was composed of 2.5 grams pepsin , 10 ml 
HCl, and sufficie t 87 percent saline to make up one liter. 
The mixture was placed in an incubator at 36°C for one hour 
and stirred per iodically. The fluid was then strained 
through two layers of cheesecloth and the remaining tissue 
was squeezed of excess fluid. Fifteen ml of the filtrate 
was centrifuged for 10 min., the supernatant discarded, 
and the sediment resuspended in 2-5 ml of 87 percent 
saline. An aliquot was removed with a pipet , placed in 
a hemocytome ter, and examined for bradyzoites. An approxi-
mation of the numbe r of bradyzoites/gram of tissue was 
calculated by the following formula: 
1000 X 
no. of bradyzoites 
counted 
8 WBC squares 
ml of fluid 
after digestion 
x 15 ml filtrate 
no. of 
= bradyzoites 
10 grams of 
tissue 
14 
15 
no. of 
bradyzoites 
10 grams o f 
tissue 
no. of 
10 = bradyzoites x 454 = gram of 
total no. of brady-
zoites given to 
experimental hosts 
tissue 
Skele tal muscle that was parasitized wi t h Sarcocystis 
was portioned into 454 gram packages, · and one package was 
fed to each designate d final host. Feca l samples were 
collected daily fol l owing the initial feeding of infected 
meat to det ermine the pre-patent and patent period . The 
fecal samp les were examined as previously descr i bed. 
Fece s cont aining nume rous sporocysts were mi xed with 
water and s tra ined several times through metal mesh sieves. 
The fecal-water suspension was then placed in fl asks and 
stored at 4° C. Most of the water was decanted and the 
sediment contain ing sporocysts was resuspended i n the re-
maining supernatant. The number of sporocysts/ml of feces-
water was determined using the same procedure as descr i bed 
for examining fecal samples. The sporocysts we re then 
concentrated into inoculum levels of 7.5 x 10
4
, and 1.5 
x 10 5 for admini stration to the fawns. 
Fawns were given the inoculum via oral syringe and 
observed fo r signs of weakness and anorexia. One deer 
died two days after inoculation (not Sarcocysti s related) , 
and the other fawn was euthanized on (PID) 85 and nec r opsied. 
Sections of skeletal muscle, tongue, diaphragm, esop agus, 
heart, liver, and spleen were prepared histologically and 
examined for stages of Sarcocystis. 
RESULTS 
Incidence 
A total of 277 white-tail~d deer. and mule .deer tongues 
were examined fo r sarcocysts. The distribution of tongue 
samples (exc luding ·samples obtained from a special antler-
less season in 1978 from the Black Hills) is illus trated in 
Figure 3 and Figure 4 . The percentage of infecti on for 
both species of deer is shown in Table 1. Of a to tal of 
so ton~ue samp les from both species of deer obtained from 
the special Black Hills antlerless season in 1978, 66 per-
cent were infec ted wiJh Sa~cocystis. Analys i s of each 
species showed whi te-tailed deer 58 percent (N=36) and 
mule deer 86 percent positive (N=l4). 
The chi- square test reported a significant di fference 
(28.39) of i nfection between the two species in comparing 
all three reg ions of the state (ldf, .0 1) . The frequency 
of infection be tween mule deer f r om all t hree regions was 
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not significant (2df, . 01). However , the frequency of 
infection for white-tailed dee r was highly significant 
(38.574) between East River and the Wes t River-Bl ack Hills 
areas (2df, . 01), while no significant difference was 
determined be tween the Black Hills and West Ri ver regions. 
Black Hills whi te-tailed dee r and mule deer s amples from 1977 
were combined and compar ed with samples from the 1978 antler-
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Table 1. The percentage of Sarcocystis infect ion in white-
tailed dee r and mu le ·eer from the East River, West River, 
and Black Hill s re ions of South D kota, 1977- 78 . 
East River .,Ves t R."ver Black Hil ls* 
+ + + 
WT 16 84 .9 31 74 26 
MD 88 12 78 22 75 25 
-~~~= 
* Excluding 19 78 ~ t~ ; J .:;-:·l e s s season. 
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less season, and no significant di fference i n infecti on was 
determine d (ldf, ~01)~ 
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No significan t difference i n the freque ncy of infection 
was noted betwe en the sexes of both spec ies (Sdf, .01) , 
from all three region~ in 1977~78. Age data f rom white -
tailed deer was pooled (yo'ng vs . old) f or analysis and 
is shown in Tab le 2. There was_ not enough vari ation in age 
data from mu le deer to run a chi-square analysi s on this 
aspect. A sign ifica~t i~ferance (8.708) was noted in 
young vs. old (WT) · rcn the East River prai rie (ldf, .01) , 
but not in the othe1 regions. Analysis of Black Hills deer 
from 1978 showed 1~ s!gnlficant difference of infection 
according to age .ldf~ ,fJ.1.). 
The corre lation .·st Jctween coyote i ndicies and the 
number of deer (both s e ie~) infected with Sarcocystis in 
the Black Hi ll s from 1976-78 resulted in a correlation 
coefficient of (-.955, 2df.). As the coyote vi sitations 
rose from 84- 96 -112 (1976-78), the numbe r of deer wi th 
Sarcocystis de creas~d from 93.5-7 4 .0-66 .0 percent respe r-
tively. This s eems to indicate that a possib le increase 
in the coyo te population does not necessarily r esult in 
an increase of sarcocystis in deer . However, t he data on 
coyote abundance fr om the U. S. Fis h and Wildli fe Publica tion 
was not intended as a c ensus method, nor to detect annual 
population trends. Although the number of vi sitations 
Table 2. The number of white-tailed deer obtained in 1977-
78 according to age and infecti on with Sarcocy~tis. 
Age 
Young 
~ 
1~ 
2~ 
Old 
3~ 
4~ 
5~ 
6~ 
7~ 
Total 
Young 
Old 
E. 
+ 
0 
4 
1 
0 
1 
2 
0 
1 
5 
4 
River 
9 
19 
11 
0 
z 
1 
0 
0 
39 
3 
W. 
1 
1'0 
8 
1 
1 
0 
0 
0 
19 
2 
+ 
River 
0 
5 
1 
2 
1 
0 
0 
0 
6 
3 
Black 
+ 
2 
2 
3 
1 
1 
1 
0 
0 
7 
3 
Hills 
1 
1 
0 
0 
1 
0 
0 
0 
2 
1 
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rose from 1976-78, that does not necessarily reflect an 
increase in the coyote population . More specific infor-
·mation on predator abundance is needed before a statement 
can be made correlating predator numbers with Sarcocystis 
infected deer. 
Life cycle Studies 
One pound (454 grams) ~f ground white-tailed deer 
skeletal muscle containing sarco·c.ysts was fed to each of 
two coyotes, three dogs, one red fox, gray fox, raccoon, 
and bobcat. · The number of bradyzoites given was not known. 
The pre -patent and patent periods are shown in Table 3. 
The tota l patent period was not actually determined in some ~ 
cases because the fecal collection was stopped while small 
number s of sporocysts were still being shed. 
Sporocysts shed were oval shaped (Plate 3) and ranged 
in size from (9.6 ~ x 13.2~) to (12.0~ x 16.6~), with an 
average of (10.4~ x 14.9~), (N=40). Sporocysts were shed 
almost continually throughout the experiment except for 
the days indicated in Table 3. The number of sporocysts/ 
gram of feces shed by the fina l hosts fed Sarcocystis-
infected whit e-tailed deer me at is illustrated in Figures 
5-10. 
Sporocysts collected fr om fecal samples were then 
concentrate d into an inoculum and approximately 75,000 
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Table 3. The pre-patent and patent periods of .experimental 
carnivore s fed S_arcocysti s - infected muscle from white-
tailed deer. 
Carnivore Pre-patent Patent · Days not shed* 
(days) (.days) 
Coyote 1 8 57+ 9 
Coyot e 2 8 57+ 1 
Dog 1 9 56+ 3 
Dog 2 8 57+ 3 
Dog 3 11 29+ 11 
Red fox 
Gray fo x 10 so 14 
Raccoon 
Bobcat 
+ fecal collect ion stopped, but sporocysts still present 
* includes days where no s ampl e s were available, but not 
pre-patent days or days skipped between day 56-65 (see 
figs. 5-10) 
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sporocys ts wer e orally administer ed to a white-tailed deer 
fawn. No signs of we aknes s were observed in this fawn and 
·it was euthaniz ed on (PID) 85. Sect i ons of skeletal muscle 
. ' 
tongue, heart, esopha us, d i aphragm, spleen, and liver were 
taken, fixed in (FAA), and prepared histological ly. No 
schizongonous s tages iere f ound i n the spl~en and liver, but 
numerous cys ts were present in the other tissues , especially 
skeletal muscle (Plate 4). A cont ro l f awn t s tis sues were 
also analysed f or S~Yco vsti s and no stages of the parasite 
-~--L~--
were found. 
Three coyot s, wo d gs, one red fox, gray fox, raccoon, 
and bobcat we re e· ~h r•..:d 454 grams of Sarcocystis-infected 
mule deer meat. 1'\: :~~.)·,n'u:c·ma.t e number of bradyzoi tes given, 
pre-patent, and pate1't p~rlods i s illustrated in Table 4. 
The sporocyst s .led from this fee ding experiment ranged 
in size from (10 0~ x :3. ~) to (11.6u x 16.2 u ) with an 
average of (10 .4u x 15.8u) , (N=30). Hudkins and Kistner 
(1977) reporte d a average sporocyst size of (9.3u x 14.4u) 
recovered from coyote fecal s amples. The number of 
sporocyst s s hed /gram of feces by t hese hosts is shown in 
Figures 11-16 . 
Approx imately 150 , 000 sporocysts were given to a white-
tailed deer fawn whi ch di ed two days after inoculation . 
Muscle tissue sections from the fawn were examined and 
contained some sarcocysts. 
It was dete rmined that this fawn 
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Tabl~ 4. The pre-patent and p~tent periods of experimental 
carn1. vores fed Sarcocyst is infected muscle .. from mule deer. 
Carnivore Pre-patent Patent Days not shed* 
(days) (days) 
Coyote 3 8 62+ 2 
Coyo te 4 7 63+ 4 
Coyote 5 8 38 0 
Dog 4· 8 62+ 1 
Dog 5 7 63+ 4 
Red fox 
Gray fox 8 52+ 1 
Racco on 
Bobcat 
No. of bradyzoites given coyo tes, dogs, and red fox 98,189 
No. of bradyzoites given to gray fox 
No. of bradyzoites given rac coon and bobcat 
? 1,626 
98,189 
+ fecal collection stopped, but sporocysts still present 
* include s days where no samples were availabl e, but not 
pre-patent days or days skipped between day 50-70. (see 
figs. 11-16) 
died of pnuemonia and was probably naturally infected with 
Sarcocystis before it was inoculated. 
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DISCUSSION 
The' incidence of Sarcocystis in whiteptailed deer was 
significantly lower in the East River prairie region than 
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in the western half of the state. I believe this differ-
ence is due to the numbe r and type of definitive hosts in 
the different regions. The Black Hills and West River areas 
suppor t considerably more coyotes than the eastern region 
becaus e of be~ter coyote habitat. The greater number of 
coyotes west of the Missouri River would be a major factor 
in the .presence of Sarcocystis in deer of this area~ One 
of the major predators found in the East River prairie and 
of concern in this study was the red fox. It was indicated 
by Fredrickson (pers~ comm., 1979), that some of the best 
potent ial habitats for high fox populations are in the 
East Rive r area Even though the experimental red foxes 
didn't pass sporocysts, more trials need to be run since 
only two animal s were used and the red fox has been shown 
to be a host of a Sarcocystis species (Rommel et al., 
1974). However, mote data is needed from other East River 
and West River counties where no tongue samples were 
received, to get a better over-all picture. 
The high percentage of infection in East River mule 
deer (counties bordering the Missouri River) is interest-
ing in comparison to white-tailed deer. The breaks along 
the river provide good denning sites for coyotes and 
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probab ly support a relatively large number of them. It 
is not known from what part of the counties the tongue 
samples were obtained , nor the . status of the coyote in 
these counties furthe r from the river. But a higher coyote 
population might have some positive relationship with the 
percent infection found in mule deer. However, not enough 
white -tailed deer tongues were obtained from this area for 
a comparison . 
Both species of deer were approximately 75 percent 
infected in the Black Hills.· The Black Hills do support 
a high coyote population, but data is needed on the number 
of coyotes in the Black Hill s and the entire state actually 
infected with Sarcocystis . Also , more possible definitive 
host studies are needed to determine other hosts in this 
area as wel l as the East River and West River prairies. 
The domest ic dog was reported as an important predator of 
deer throughout South Dakota (Richardson and Peterson, 1974), 
and should be of major concern. Some other possible wild 
hosts could be the badger (Taxidea taxus) , and the striped 
skunk (Mephitis mephitis) . 
There appears to be no difference in Sarcocystis 
infection between the sexes of both species. The only 
significant difference found in age data was in East iver 
white-tails where the young age class was less parasitized. 
However, 86 percent of the samples obtained were in this 
age class. A better representation from the older age 
class is needed before an accurate statement could be made 
concerning the age infectivity in this region. 
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The number of bradyzoites . from white~tailed deer tissue 
given to the carnivores was unknown. However, the meat was 
refrigerated at 4°C for one week before being ground, and 
two weeks before being fed to the coyotes, dogs, and red fox 
which were being treated for Foundworm and flatworm infec-
tions at that time. In th~ process of examining the deer 
tissue for bradyzoi tes, large numbers were found in the 
first digestion with fewer numbers noted in later diges-
tion experimen s. It is fe lt that a number of bradyzoites 
perished whil e refrigerated and that this particular deer 
tissue wa s not as heavily parasitized as the mule deer, 
which resulted in the lower number of sporocysts shed by 
the carnivores. 
The gray fox, raccoon, and bobcat were fed meat from a 
different white -tailed deer which also had a relatively low 
number of bradyzo ites comp ared to mule deer tissue. This 
meat was fed within one we ek after obtaining the tissue. A 
lower number of bradyzoites was found in this tissue also, 
compared to the number present in mule deer muscle, and 
probably accounts for the smaller number of sporocysts shed 
by the gray fox in the white-tailed deer feeding expe r iment. 
The mule deer muscle containing numerous bradyzoites 
was stored at 4°C for about two weeks before a count was 
done; the dogs, coyotes, and red fox were fed within two 
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weeks of obt a i ning the tissue, while the bobcat and raccoon 
were fed six weeks after the tissue arrived~ The gray fox 
was fed about 2~ months later ~ith the same meat but another . 
bradyzoite count at t his time showed fewer numbers than the 
previous count. The numbers shed by the gray fox were 
probably lower tha n would have been if fed - at the same time 
as the raccoon and bobcat. Consequently, no direct compar-
ison could be made with the number of sporocysts shed by 
the gray fox to the other .hosts that did pass sporocysts. 
Most of the definitive hosts seemed to exhibit peak 
per iod(s) of shedding sporocysts as is shown in Figures 5-
16. Payer (1977) re~orted similar results. A particular 
pattern was noticed in t he periodic flucuations of sporocysts 
shed by the final hosts. The coyotes and gray fox exhibited 
a fai rly constant rise and fall in sporocysts shed at two-
day intervals, while the dogs' flucuations were less precise. 
However, in the later days of patency (Fig. 14), the dogs 
did exhibit a flucuating 4-day cycle. This seems to be 
the first mention of thi s type of cyclic variation in t h e 
literature, except for sporocysts being shed intermittently 
(Payer and Johnson, 1975; Payer, 1977; and Hudkins and 
Kistner, 1977). An explanat i on for this phenomenon is not 
known at this time. Howe ver, it doesn't seem to be r elated 
to the individuals intestinal tract since five different 
coyote s were used and all showed the same basic pattern. 
In the white - taile d deer feeding experiment, the coyotes 
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shed the greatest number of sporocysts (Figs. 9~10), followed 
?Y the gray fox and dogs respectively. By day 40, all of 
the experimental animals had slnwed down considerably in 
passing sporocysts. 
The animals fed sGrcocysts from mule deer shed consid-
erably more sporocys·s than in the previous experiment 
involving sarcocys g from white-tailed deer. · The dogs shed 
many more sporocyst~ t an t he coyotes and gray f ox in the 
later days of pat ncy. 
Th~ only exper:mental hos ts that were rein f ected in 
the s tudy were tje bob=at) raccoon, and gray f ox , but no 
sporocysts were b :..ln;~ shed in any of the se animals at the 
time of reinfectio!. N· s· orocyst s were found in the feces 
of the rac coon and u~ncat, which indicates that these 
speci es ar e not likely hos s of Sarcocystis in mule or 
white -tailed de .r. A ~i gle sporocyst was seen i n the feces 
of each red fox in both the white-tailed and mul e deer feed-
ing experiments for 5 and 7 days respectively. Since only 
one sporocyst was seen, it was felt that its presence was 
due to feca l cont amination at the housing facili t y or in 
the examinat ion process itself. 
In control animals, a single sporocys t or two were 
found i n a coyote, dog, and red fox for 1, 5, and 2 days 
respectively. I feel that the presence of the se sporocysts 
is due to the previous explanation, i. e. not due to an 
a · d · f t. n and not biologically significant to the cqu1re 1n ec 10 , 
overal l findin gs of this s tudy. A t-test was run on spore-
cysts obtained f rom both fe eding experiments to check for 
size differ ences , No significant difference was determined 
between sporocyst s. 
Based on the results of the definitive host and 
sporocyst s ize studies, it appears that the . species of 
Sarcocystis in mule deer and white~tailed deer could be the 
same. However, detailed tltrastructure studies are needed 
to differen tia bet een s ci es .. 
The white -tailed deer fawn that was inoculat ed with 
sporocysts from co'otcs fed infected white-tail ed deer meat 
developed a h aif li fGcti of Sarcocystis. The tongue 
sample from th·· s ut~~r c;o~ttc ined numerous cysts, more than 
any of the 27 7 to gu~ samples examined from across the 
state. This seems to ind·cate t hat the experimental 
inoculation of 7. x 10 4 sporocyst s was higher than any 
received in the wild. This great number would overshadow 
any previous Sarcocystis infection in this fawn at the 
time of inoculation. Since the one white - tailed fawn 
inoculat ed with sporocysts obtained f rom coyotes fed mule 
deer tissue died the next day , i t could not be determined 
if Sarcocysti s from mule deer would develop in white-tailed 
deer. If thi s experiment had been successful, it woul d 
have great ly a ided in the identi fication of similar or 
dissimilar spec ies of Sarcocystis occurring in the deer 
of South Dakota . Consequently, more studies need to be 
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, 
done in th is field. 
The f indings of this study have shown a high incidence 
of Sarcocystis in the deer of w~stern South Dakota. The 
life cycl e studies have i ndicated that dogs, coyotes, and 
the gray f ox are defini t ive hosts of this parasite in 
white-tailed and mule deer , with the coyote ~s the most 
likely wild host in South Dakota. More studies need to be 
done with r ed f o , 1accoons and bobcats because of the lack 
of sufficient xp· ·m~nt 1 numbers, and it is important to 
ascerta in other po f:na l · hosts. A better correlation 
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needs to be done wi h de~r infect ivity and predator abundance 
to bet ter under'"· ,s) { tru~ 1 ole and impor t ance of Sarcocystis 
in these wildJife pl~D] atio S~ 
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Fig. 5. Number of sporocysts shed by coyotes fed Sarcocystis-
infected white-tailed deer tissue. 
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Plate 1. Typical Sarcocystis sporocyst that is 
shed in the feces of definitive hosts. Photo 
shows 3 sporozoites and granular residuum within 
the cyst. (400x). 
48 
Plate 2.(a) Sarcocyst in heart musculature of a 
white-tailed deer. (ZOOx). 
49 
Plate 2. (b). Sarcccysts found in mule deer muscle 
tissue, showing braclyzoites. (2CO:~), (40Cx). 
so 
Plate 2. (c). Sarcocysts in tongue sections of mule 
deer (top) and white-tailed deer (bottom). (200x). 
51 
Plate 3. (a). Sporocysts recovered from coyote fecal 
samples fed Sarcocvstis-infected mule deer meat. (400x). 
52 
Plate 3.(b), Sporocysts recovered from dogs fed 
white-tailed deer tissue containing sarcocysts. (400x). 
53 
Plate 4. Sarcocysts in muscle (top) and tongue -
(bottom) sections of the experimentally infected 
white-tailed deer fawn. (lOOx). 
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